Bitter orange (Citrus aurantium L.) extracts are widely used in dietary supplements and bitter oranges are used in various juices and food products. p-Synephrine, the primary active constituent, comprises approximately 90% of total protoalkaloids. This study, performed per OECD 408 guidance, examined the 90-day subchronic safety/ toxicity of an extract standardized to 50% p-synephrine at doses of 100, 300 and 1000 mg/kg/day to male and female rats. No adverse effects were observed with respect to any of the observed parameters of clinical signs, functional observations of sensory reactivity, grip strength and motor activity, ophthalmology, body weights, hematology, food consumption, urinalysis, organ weights, as well as gross and microscopic pathology at termination at any of the doses in either sex. Treatment at 1000 mg/kg body weight/day of the extract resulted in non-adverse effects including fully reversible signs of repetitive head burrowing in the bedding material and piloerection for short periods of time in both sexes immediately after administration, which gradually disappeared by treatment day-81. A slight and reversible elevation of BUN and urea levels in male rats, and slight to mild increase in the relative but not absolute heart weights of male and female rats was observed. Based on these results, the no-observed-effect-level (NOEL) for this bitter orange extract standardized to 50% p-synephrine was 300 mg/kg, while the no-observed-adverse-effect-level (NOAEL) was 1000 mg/kg. The results indicate a high degree of safety for this bitter orange extract.
Introduction
p-Synephrine is the primary active constituent in bitter orange extracts, comprising approximately 90% of the total protoalkaloids [1] . The extracts are derived from the dried, unripe fruits of Citrus aurantium L. by extraction with water and ethanol [1, 2] . Various preparations of bitter oranges have been widely used for hundreds of years in foods and folk medicine [2, 3] . Although bitter orange extracts are now extensively used in dietary supplements and p-synephrine occurs in various Citrus juices and food products, subchronic safety studies on this extract and p-synephrine have not been conducted. It has been previously shown that the oral LD50 of a bitter orange extract standardized to 50% p-synephrine exceeded 5000 mg/kg in female rats [4] , indicating a high degree of safety. Oral administration of this extract at 2000 mg/kg to female rats for four consecutive days did not produce any overt signs of toxicity [4] .
In a repeated dose 14-day study, rats were treated orally with a 50% p-synephrine-containing bitter orange extract at doses of 0, 250, 500, 1000 and 2000 mg/kg/day [4] . No significant effects were observed at any dose with respect to body weights, relative and absolute organ weights, clinical chemistry and hematological parameters, and gross pathological findings or food intake. One male and one female rat died after receiving four daily doses of 2000 mg/kg while a second male rat died after 8 days at this dose. All animals that died exhibited gastrointestinal impaction with ingesta at necropsy. In the second week of administration of 1000 mg/kg and 2000 mg/kg, the rats exhibited transient signs of repetitive burrowing of their heads in the bedding material over periods of about 15 and 45 min, respectively. The noobserved-effect-level (NOEL) for the bitter orange extract in this study was 500 mg/kg. The maximum tolerated dose (MTD) of bitter orange extract standardized to 50% p-synephrine in rats was determined to be 1000 mg/kg body weight/day, not withstanding the transient and reversible clinical signs that were observed at 1000 mg/kg [4] .
The objective of this repeated dose 90-day oral toxicity study was to assess the safety and toxicological profile of Citrus aurantium extract standardized to 50% p-synephrine when administered to male and female rats daily by oral gavage. Daily doses of the extract were administered to rats at 100 mg/kg, 300 mg/kg and 1000 mg/kg. This study was performed to obtain information on the possible health hazards if any likely to arise from repeated exposure to the extract over a prolonged period of time covering post-weaning maturation and growth well into adulthood. This study was performed in the OECD-GLP certified test facilities of INTOX Private LTD.75, Urawade, Tal. Mulshi, Maharashtra, INDIA.
Materials and methods

Test article and formulation
Bitter orange extract (Advantra Z ® /Kinetic™) standardized to 50.1% p-synephrine was provided to the test facility by Novel Ingredients LLC, East Hanover, NJ 07936 USA. The amount of p-synephrine present in the extract was confirmed by an independent testing laboratory. The standardized extract is derived from the dried immature (green) fruits of Citrus aurantium (bitter orange). In addition to p-synephrine, the other primary constituents of the extract are carbohydrates (approximately 40-45% and ash (approximately 5-8%). The extract was suspended in analytical grade water which contained 0.50% w/v carboxymethyl cellulose (CMC) as a suspending agent to prepare dosing formulations with the desired test concentrations. The dosing formulations were prepared fresh daily, approximately one hour prior to initiation of dose administration by gavage, and agitated prior to each dosing. Control animals received the vehicle composed of CMC in water.
Animals
Female and male Sprague Dawley rats were purchased from Taconic Biosciences, Inc., USA through its vendor Vivo Bio Tech Ltd., Telangana, India. The female rats were non-pregnant and nulliparous. In order to ensure that the animals were in good health prior to experimentation, all animals were subjected to veterinary examination.
The animals used for the 90 day subchronic study were between the ages of 6-8 weeks at the beginning of treatment with mean body weights of 298 and 218 g for males and females, respectively. Animals were housed in groups of two or three of the same sex per cage suspended in polypropylene, solid bottom, sterilized cages with stainless steel grill tops, and clean sterilized corn-cob bedding.
The animal facility temperature was maintained between 19-25°C with the relative humidity between 30-70%, and a 12 h light/dark cycle. The room was supplied with 100% fresh, filtered air with 10-15 air changes per hour. The animals were fed ad libitum Altromin brand extruded pelleted rat chow obtained from M/s Altromin Spezialfutter GmbH & Co. KG, Germany. Drinking water was provided ad libitum through sterilized bottles with stainless steel sipper tubes. Prior to being made available to the animals, the water was passed through an Aquaguard water filter and subjected to ultra violet irradiation. The animals were acclimated to their environment for five to six days prior to experimentation. Each animal was assigned an individual tail number, weighed and randomized.
Experimental design
This 90-day subchronic toxicity study was conducted in compliance with INTOX Study Plan No. P/16458/SOR-90/16, and was approved by the Institutional Animal Ethics Committee (IAEC) of INTOX. This study plan incorporated the recommendations made in the following guidelines:
In this study, groups (G) of 10 rats of each sex were administered the bitter orange extract standardized to 50% p-synephrine daily by oral gavage for 90 consecutive days at the dose levels of 100 mg/kg (G2), 300 mg/kg (G3), and 1000 mg/kg (G4). Concurrent control groups (G1) of 10 rats of both sexes were treated with the vehicle (0.5% carboxymethyl cellulose in analytical grade water).
A typical maximum dose of 100 mg/day of p-synephrine in a 70 kg human is equivalent to approximately 9 mg/kg/day for rats when based on body surface area. The corresponding human equivalent dose (HED) for the 50% p-synephrine-containing bitter orange extract is therefore 18 mg/kg/day. Choice of the highest dose of 1000 mg/kg/day dose was based on its being identified as a maximum tolerated dose (MTD) in a 14-day dose range finding study where groups of five rats of each sex were treated orally with 250, 500, 1000 and 2000 mg/kg/day of the 50% p-synephrine-containing bitter orange extract. The 1000 mg/kg/ day dose which is approximately a 50 times multiple of the HED of the test extract in rats, is specified by OECD test guideline No. 408 and by other referred guidelines as a 'limit dose' [4] . The lowest dose of 100 mg/kg used in the current study is approximately a five times multiple of the HED of the test extract in rats. Choice of the middle dose of 300 mg/kg (30X multiple of the HED) ensured the desired three-fold interval between the selected doses. The dosage volumes were 5 ml/kg for all doses administered as a single daily gavage. Additional concurrent groups of five rats of each sex at control [G1(R)] and high dose levels [G4(R)] were treated similarly but, after cessation of treatment, were further observed for reversal of toxicity/delayed toxicity, if any, for a period of 28 days.
Parameters evaluated
All animals were checked twice daily for deaths or moribundity. The animals were subjected to general cage-side clinical examination after dosing. All signs of ill health, together with any behavioral changes or reaction to treatment were recorded for individual animals. Dated and signed records of appearance, change and disappearance of clinical signs, if any, were maintained on clinical history sheets for individual animals. Detailed clinical examinations were performed weekly outside the cage during the 90-day treatment period (G1-G4) as well as the 28-day recovery period [G1(R) and G4(R)]. The signs that were checked included, but were not limited to changes in fur, skin, mucous membranes, eyes, occurrence of excretions and secretions, autonomic activity such as lacrimation, piloerection and pupil size, and unusual respiratory pattern. Changes in posture, gait and response to handling as well as the presence of tonic or clonic movements, and sterotypies or bizarre behavior were assessed.
Ophthalmoscopic examinations were performed on all rats prior to initiation of the experiment (pretest, Day-0). On day-89 of the treatment period, ophthalmological examinations were performed on N.S. Deshmukh et al.
Toxicology Reports 4 (2017) [598] [599] [600] [601] [602] [603] [604] [605] [606] [607] [608] [609] [610] [611] [612] [613] animals from control and high dose (1000 mg/kg; G4) groups. Ophthalmological examinations were not performed on animals at lower dosage levels and the reversal groups due to the absence of any significant differences observed between the control and high dose groups. Eyes of the rats were examined by means of a direct ophthalmoscope. After initial examination of eyes for pupillary reflexes, the pupils were dilated using a 1% tropicamide ophthalmic solution (Tropicamet ® , manufactured by Sun Ways Pvt. Ltd., Mumbai, India) to facilitate examination of fundus. During the 12th week of treatment, all animals were examined for assessment of sensory reactivity, grip strength and motor activity using a functional observational battery [5] . These neurological examinations were comprised of the following in home-cage and in open field examinations: posture/movement, respiration, palpebral closure, lacrimation, salivation, skin and hair coat, urination, defecation, locomotor activity, rearing and gait. The following manipulative examinations and assessment of responses to stimuli were also examined: tactile (touch) response, response to nociceptive stimuli (tail pinch), pupil response to light, proprioception-righting reflex, auditory response, head shaking, landing foot splay and grip strength.
During the 12th week of treatment, the rats were also assessed for their locomotor activity by placing them in a 'multiple unit open field enclosure' made of Perspex and having a black, non-reflective surface (Orchid Scientific and Innovative India Ltd., India). The open field enclosure has four chambers, each with inner dimensions of 19.5 inches (length) X 19.5 inches (width) X 15 inches (height). At a given time, up to four rats were placed inside the open field enclosure, one in each chamber. A video camera was placed at about 2 m above the enclosure and sent signals to a duly validated software system − Anymaze ® (Stoelting Co., 620 Wheat Lane, Wood Dale, IL 60191, USA). Movements of the rats were tracked by the video camera for a period of 10 min (600 s) per rat, while the Anymaze ® software analyzed the same for different parameters and generated graphical and numeric reports for each of the rats. The following locomotor assessments were recorded: total distance travelled ﴾m﴿, average speed ﴾m/s﴿, absolute turn angle ﴾°﴿, rotations of the animal's body and absolute head turn angle ﴾°﴿. In all the assessments, vehicle control group rats were included concurrently to enable a fair comparison. Food consumed by rats in each cage was recorded weekly, and food intake per rat per day was calculated based upon the amount of food offered to each cage, the amount left in each cage at end of assessment period, and the number of rats per cage. Chow was offered to the rats in the form of firm, steam extruded food pellets which resulted in minimal spillage, and therefore the food consumption was not corrected for spillage.
Body weights of all animals were recorded individually on a weekly basis, and at necropsy on day-90 (fasting body weights). Body weights of all animals of the recovery groups were also recorded at weekly intervals and at necropsy (day-119 − fasting body weights). For organ weight determinations liver, lungs, kidneys (right and left), testes (right and left), ovaries (right and left), epididymides (right and left), heart, brain, pancreas, adrenal glands (right and left), spleen and thyroid gland were carefully dissected and trimmed to remove fat and other contiguous tissue. The tissues were weighed immediately to minimize the effects of drying on organ weight, and preserved in 10% buffered formalin. Relative organ weights as a percent of necropsy body weights were also calculated.
Blood samples were collected on day-90 or after the 28-day recovery period prior to necropsy from all animals which had been fasted overnight. Sampling of blood was conducted under light CO 2 asphyxiation through the orbital sinus of the animals, and the samples were deposited in K 2 EDTA-containing tubes for hematology, and heparincontaining tubes for clinical chemistry.
The following hematological parameters were determined on blood samples using an Abbott Cell Dyn 3700 Hematology Analyser (Abbott Park, IL 60064, USA): hemoglobin (Hb), hematocrit (PCV), total erythrocyte count (total RBC), total leukocyte count (total WBC), total platelet count (platelets) and differential leukocyte (WBC) count. Leucocytes were differentiated as neutrophils (N) , lymphocytes (L), eosinophils (E), monocytes (M) and basophils (B). The following erythrocyte indices were calculated: mean corpuscular hemoglobin (MCH), mean corpuscular volume (MCV), and mean corpuscular hemoglobin concentration (MCHC). In addition, the coagulation parameters prothrombin time and activated partial thromboplastin time were determined using a semi-automated coagulation analyzer.
Plasma samples were analyzed for clinical chemistry parameters using a Dimension Xpand Plus Clinical Chemistry System (Siemens Healthcare Diagnostics Inc. Newark, U.S.A.). Commercially available diagnostic kits manufactured by Siemens Healthcare Diagnostics Inc. were used to perform the analyses. The following parameters were measured: aspartate aminotransaminase (AST), alanine aminotransaminase (ALT), alkaline phosphatase (ALP), gamma glutamyl transpeptidase (GGT), total protein, glucose, creatinine, blood urea nitrogen (BUN), albumin, globulin (calculated), albumin/globulin (A/ G) ratio (calculated), total bile acid, total bilirubin, sodium, calcium, potassium, phosphorus, total cholesterol, and triglycerides.
Urinalyses were performed on day-88 of the treatment period on animals from the control and high dose groups. Urinalyses were not performed on the lower dose levels and recovery groups in the absence of any significant differences observed between the control and high dose groups. Urine samples were collected using specially designed stainless steel urine collection cages. Each rat was housed in a cage, and a urine sample was collected over a period of about 4 h. No food or water was offered during this period.
The urine samples were subjected to qualitative/semi-quantitative and microscopic evaluation of following parameters: color, appearance, specific gravity, pH, protein, glucose, ketones, volume (timed), bilirubin, urobilinogen, nitrite, leukocytes, occult blood. Tests were performed using Multistix ® 10 SG multiple reagent diagnostic strips (Siemens Healthcare Diagnostics Pty. Ltd., Bayswater Victoria 3153, Australia). The results were read using 'Clinitek Status' Urine Analyser' (Siemens Medical Solutions Diagnostics). The urine samples were centrifuged, and a drop of centrifuged (2500 rpm) urine sample was spread on a microscope slide. The slides were examined microscopically for the presence of the following: epithelial cells, casts, crystals, and other abnormal constituents.
On completion of the 90 days of treatment or the 28-day recovery period, rats were sacrificed by exsanguination from the abdominal aorta under CO2 asphyxiation and subjected to gross necropsy which included the examination of the external surfaces, orifices, cranial, thoracic and abdominal cavities, and their contents, as well as the organs described above.
For histopathological examination, the following tissues and organs were fixed in 10% neutral buffered formalin, embedded in paraffin wax, sectioned at about 5 μm thickness, stained with haematoxylin and eosin, and examined microscopically: brain (cerebrum, cerebellum, midbrain/pons), pons), spinal cord (at three levels: cervical, mid-thoracic and lumbar), pituitary, thyroid gland, parathyroid gland, adrenal glands, thymus, salivary glands, oesophagus, stomach, small and large intestines (including Peyer's patches, duodenum, jejunum, terminal ileum, colon, rectum), liver, pancreas, kidneys, spleen, heart, lungs, aorta, testes/ovaries, epididymides, prostate, mammary gland in females, urinary bladder, trachea, mesenteric lymph node, axillary lymph node, peripheral nerve (sciatic), and bone marrow from femur (fresh bone marrow aspirate-smear).
Microscopic examinations were carried out on all listed organs and tissues of all animals of control and high dose groups, sacrificed at termination of the treatment period. Since treatment related adverse effects were not observed in any tissues/organs at the high dose level, the low dose (100 mg/kg; G2) group and mid-dose (300 mg/kg; G3) group as well as the recovery groups [G1(R) and G4(R)] were not examined.
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DESCRIPTION
Minimal − Very small amount of change, < 10% involvement of organ Mild − Lesions is easily identified but of limited severity, 11-25% involvement of organ Moderate − Lesion is prominent, 26-70% involvement of organ Severe − 70-100% involvement of organ
Statistical analysis
Statistical analysis was performed using IBM SPSS Statistical Software (version 23). The data regarding neurological examinations, body weights, hematology, clinical chemistry and organ weights were subjected to Levene's test for homogeneity. Normality of distribution for the locomotor activity data was ascertained by employing Kolmogorov-Simov's test and also the Shapiro-Wilk test. The data were log transformed wherever required. The data with homogeneous intragroup variances were subjected to one-way analysis of variance (ANOVA). When 'F' values were significant, Dunnett's multiple comparison of means of treated groups with control mean was employed as a post-hoc test.
Independent t Test (following Levene's test) was employed for comparing the data from the two recovery groups generated during and at termination of the recovery period and also for comparing the urinalysis parameters between control and high dose groups. The variance was evaluated at 5% level of significance.
Results
Survival
The daily oral administration of the C. aurantium (bitter orange) extract containing 50% p-synephrine for 90 consecutive days at and up to the dose of 1000 mg/kg (G4) did not have any adverse effect on the survival of the male and female rats in this study. During the 90-day treatment period, there was no incidence of any mortality among the treated male and female rats (G2-G4). Similarly, all male and female rats from recovery groups survived through the 28-day post-treatment recovery period [G1(R) and G4(R)].
General examination
The daily general clinical examinations and the weekly detailed clinical examinations of rats conducted during the 90-day treatment period and the 28-day recovery period revealed that except for the mild and transient signs of discomfort and piloerection exhibited by rats treated at the highest dose of 1000 mg/kg body weight (G4) and to which the rats eventually adapted (see ensuing paragraphs), the C. aurantium (bitter orange) extract containing 50% p-synephrine did not induce any remarkable and abnormal clinical signs indicative of systemic toxicity in rats of either sex. Treatment of male and female rats with the extract at doses of 100 mg/kg (G2) and 300 mg/kg (G3) body weight did not induce any abnormal clinical signs throughout the 90-day treatment period of the study or the 28-day recovery period.
Daily treatment with the extract at the highest dose (1000 mg/kg body weight; G4) resulted in mild, transient signs of discomfort in rats immediately after their gavage administration. These male and female rats did not exhibit any abnormalities during the initial 9-10 days of the treatment period. However, thereafter, following dose administration the rats began exhibiting signs of repetitive burrowing of their heads in the bedding material (corn-cob). Such behavior, suggestive of some kind of discomfort, was initially observed in rats for about 5-10 min after dose administration when they kept their heads inside the bedding in episodes of 1-2 min each. Durations of these signs gradually waned until about the 81 st day of dosing, thereafter such signs completely disappeared.
Similarly, in the 6th week of the study (from day 35) both male and female rats treated with the extract at the dose of 1000 mg/kg body exhibited signs of piloerection 5-10 min after dose administration which lasted for about one hour. The period of piloerection gradually decreased to about 30 min between weeks 8-10, and thereafter to 10-15 min until week 12 after which this response disappeared with no piloerection visible after about day 81 of the study in animals of both sexes.
Ophthalmological observations
Daily treatment with the extract containing 50% p-synephrine at and up to the dose of 1000 mg/kg body weight did not induce any ophthalmological abnormalities in male and female rats. The ophthalmological examinations, carried out on all rats prior to start of the study, and on rats from control and high dose groups at termination of the study, did not reveal any remarkable and treatment related incidence of any ophthalmic abnormalities (data not shown).
Functional observations
Treatment of male and female rats with the 50% p-synephrinecontaining C. aurantium extract at and up to the dose of 1000 mg/kg did not induce any remarkable and abnormal alterations in qualitative and quantitative parameters of their sensory reactivity, grip strength and motor activity. This 'functional observational battery' was carried out during the 12th week of the study (Table 1 ). No differences were noted for animals of either sex at any dose of the extract relative to the control groups with respect to posture, movement, respiration, lacrimation, salivation, skin and hair coat, and gait.
The values of quantitative parameters (frequencies of urination, defecation and rearing, the landing foot splay and the grip strength) of the treatment group rats of both sexes did not differ significantly (P > 0.05) from those of the vehicle control group rats during the 12th week of the study (Table 1) .
Furthermore, treatment of male and female rats with the extract at and up to the dose of 1000 mg/kg did not induce any remarkable and abnormal alterations in quantitative parameters of their locomotor activity as were assessed in week 12 of treatment by placing them in an open field and tracking their movements individually for a period of 10 min (600 s) per rat by means of a video camera connected to a validated software system (Anymaze ® ) ( Table 2) . The values of quantitative parameters including total distance travelled ﴾m﴿, average speed ﴾m/s﴿, absolute turn angle ﴾°﴿, rotations of the animal's body, and absolute head turn angle ﴾°﴿ of the treatment group rats of both sexes did not differ significantly (P > 0.05) from those of the vehicle control group rats.
Body weights
Daily oral administration of extract at and up to the dose of 1000 mg/kg (G4) did not induce any effects on the body weight gain by the male and female rats, during the treatment period of 90 days and the 28-day recovery period [G4(R)]. The values of body weights of treated male and female rats did not differ significantly (P > 0.05) from those of the vehicle control group rats during the 90 days treatment period (G1) and the 28-day recovery period [G1(R)] (Figs. 1 and 2).
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Organ weights
Except for a slight to mild increase in relative but not absolute heart weights in male and female rats treated at 1000 mg/kg, considered a non-adverse alteration, oral administration of the extract containing 50% p-synephrine for 90 days at and up to the dose of 1000 mg/kg did not induce any alterations in the absolute (Table 3 ) and relative organ weights (Table 4) in the following organs/tissues of treated rats: kidneys, liver, brain, adrenal glands, spleen, testes, epididymides, uterus and ovaries. However, oral administration of the extract daily at a dose of 1000 mg/kg for 90-days induced a small but statistically significant (P < 0.05) increase in the relative heart weights of male and female rats (Table 4) , but no significant increase in absolute heart weights was observed (Table 3 ). Due to an absence of sharp dose dependence, small magnitude, comparability to historical control data, and absence of any correlated histopathology, and absence of any such finding in the recovery groups which suggested reversibility of the effect (Tables 5 and  6 ), this finding was considered to be of a non-adverse nature.
A small decrease seen in the absolute thymus weight of male rats treated with 1000 mg/kg of the extract (Table 3) at the end of 90 days was not dose dependent and lacked any histopathological correlations. This decrease was not observed in female rats (Table 3) , and the relative The duration of the test was 600 s.
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thymus weights of rats of both sexes were normal as compared to the control group (Table 4) . Furthermore, this difference in thymus weights was not observed in the recovery group (Table 5) . As a consequence, this observation with respect to male rats at the highest dose was considered to be of an incidental nature.
Food consumption
The daily oral administration of the extract at and up to the dose of 1000 mg/kg did not induce any adverse effects on the average daily food consumption by the male and female rats during the 90-day treatment period (G4) and 28-day recovery period [G4(R)]. The values of daily food consumption by the rats, determined weekly, were comparable to those of the vehicle control group rats during the 90-day treatment period (G1) and 28-day recovery period [G4(R)] (data not shown).
Hematology
Oral administration of the extract to male and female rats for 90 days at and up to the dose of 1000 mg/kg did not induce any alterations in their hematological parameters as apparent from their values determined at termination of the treatment period (G4) (day 91) ( Table 7) and at end of the 28-day recovery period [G4(R)] (day 119) ( Table 8) . The values of all the hematological parameters evaluated in this study of rats treated (G4) with the extract (as listed above in the Materials and Methods section), did not differ significantly from those of the respective vehicle control group (G1) values (P > 0.05) on days 91 and 119. The microscopic evaluation of stained blood smears did not reveal any abnormal and immature cells in animals of either sex.
Clinical chemistry
Except for a slight and reversible (non-adverse) elevation of the BUN and urea levels in the high dose group (G4) of male rats, oral administration of the 50% p-synephrine-containing C. aurantium extract to male and female rats for 90 days at and up to the dose of 1000 mg/kg did not induce alterations in their clinical chemistry parameters as apparent from their values determined at termination of the treatment period (G4) (day-91) ( Table 9 ), and at end of the 28-day recovery period [G4(R)] (day-119) (Table 10) . No significant differences occurred between control (G1) and 1000 mg/kg/day (G4) values at termination on day 91 for albumin, enzymes (AST, ALT, GGT, ALP), total bilirubin, cholesterol, creatinine, triglycerides, sodium, potassium, phosphorus, globulin and Albumin/globulin ratio for male and female animals.
The values of BUN, and consequently the calculated urea levels, of high dose (G4) male rats were found to be slightly higher than those of the respective vehicle control group values and the difference was statistically significant (P < 0.05). The alteration was not dose-dependent and the apparently significant levels were well within historical control ranges for BUN and urea for Sprague Dawley rats in the test facility. The finding was not evident at the end of the recovery period and hence noted to be reversible. Although as per histopathology findings in G4 male rats, there was an incidence of minimal lymphocytic Infiltration (2/10) and of solitary cortical cyst (1/10) in kidneys, 
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Urinalysis
Treatment of rats with the extract did not induce any alterations in their urinalysis parameters including microscopic appearance of the centrifuged deposits when examined on day 88 of the treatment period.
The observations recorded for qualitative urine parameters including color, appearance, and graded quantities of analytes such as protein, glucose, ketones, occult blood and bilirubin were found to be comparable between the high dose (1000 mg/kg) groups of rats of both sexes (G4) and the vehicle control groups (G1) of rats. Group mean values of specific gravity, urobilinogen and pH of urine of male and female rats treated with the extract did not differ significantly (P > 0.05) from those of the vehicle control groups of rats on day 88 of treatment (data not shown).
Necropsy
Daily oral administration of C. aurantium which contained 50% psynephrine to male and female rats for 90 days at and up to the dose of 1000 mg/kg, did not induce any remarkable gross abnormalities in their organs/tissues as evidenced during their gross necropsy performed at termination after 90 days of treatment (day 91) or of the 28 days of recovery period (day 119). However, a few isolated (1/10) gross alterations were observed which included an extra-diaphragmatic lobe in liver (male − high dose; G4), undersized adrenals (female − low dose; G2) and a solitary nodule in right horn of uterus (vehicle control group; G1). Considering their solitary incidence and the absence of any dose dependence, these observations were considered to be incidental and unrelated to the treatment.
Histopathology
Microscopic evaluation of all tissues/organs listed above in all male and female rats from the vehicle control (G1) groups and the high dose (G4) groups treated with the extract at 1000 mg/kg body weight did not reveal incidence of any remarkable histopathological findings which could be attributed to exposure to the extract. A few isolated instances of microscopic findings such as those listed below (incidence pooled for sexes) were considered to be unrelated to treatment with the C. Aurantium extract due to their small incidence with minimal severity, and the comparability of their incidence within the vehicle control group for both sexes.
In kidneys, minimal tubular dilatation was observed 5/20 in G1 group (control) and 4/20 in G4 group (1000 mg/kg), minimal Group mean values of treated rats do not differ significantly (P > 0.05) from those of the control group.
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infiltration with lymphocytes 1/20 in G1 and 3/20 in G4, isolated incidences of hyaline cyst 1/10 each in G1 males and G4 females; cortical cyst 1/10 in G4 males, and mineralization 1/10 in G1 males. In lungs, minimal perivascular aggregation of lymphocytes was observed in 2/20 in G1, mild peribronchial lymphoid tissue hyperplasia 1/20 in G1 and 1/20 in G4, and minimal presence of alveolar macrophages 1/20 in G4. In liver, minimal portal infiltration of lymphocytes was noted in 2/ 20 in G1 and 2/20 in G4 with an isolated incidence of minimal necrosis 
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Toxicology Reports 4 (2017) [598] [599] [600] [601] [602] [603] [604] [605] [606] [607] [608] [609] [610] [611] [612] [613] in one G4 male rat, and an extra diaphragmatic lobe in liver which was found to be histologically normal as confirmed on microscopic examination. In intestines, isolated instances of minimal sub-mucosal lymphoid hyperplasia in colon 4/20 in G1 and 2/20 in G4 and in rectum 1/20 in G1 and 3/20 in G4 were observed. In stomach, a minimal dilation of glandular portion 6/20 in G1 and 2/20 in G4 occurred. In pituitary, cysts in pars distalis 2/20 in G1 and 1/20 in G4 were noted. In addition to the above findings, cortical vacuolation occurred in adrenals of one G1 male, minimal lymphocytic infiltration was noted in the prostate in one male rat each from G1 and G4, moderate degeneration occurred in testes of one G4 male, minimal eosinophilic infiltration in uterus was present in one female rat each from G1 and G4, and a solitary incidence of decidual reaction in uterus in one female rat from the G1 control group.
All of the above findings are expected background lesions commonly present in conventionally housed rats of this age. These findings were hence considered to be incidental in nature and not related to treatment with the C. aurantium extract containing 50% p-synephrine.
Discussion
In this 90-day subchronic safety/toxicity study daily oral doses of 100 mg/kg, 300 mg/kg and 1000 mg/kg of the C. aurantium (bitter orange) extract standardized to 50% p-synephrine were administered to animals of both sexes. All animals survived the 90 days of treatment and the 28 days of recovery. These doses were selected based on an initial 14-day dose range finding study that employed doses of the bitter orange extract up to 2000 mg/kg/day. At daily oral doses of 100 mg/ kg/day and 300 mg/kg/day no effects were observed with respect to ophthalmology, clinical chemistry, hematology, functional activities, urinalysis, locomotor activities, organ weights, body weights, food consumption, gross necropsy and histopathology at termination.
Treatment with 1000 mg/kg body weight/day (G4 groups) of the extract resulted in mild, transient signs of discomfort in rats of both sexes immediately after administration, which gradually disappeared by day 81 of treatment. Repetitive burrowing of their heads in the bedding material and piloerection for short periods of time was observed by animals of both sexes.
The cause of these signs is not clear. These effects could be a pharmacological effect of the extract, and because they were mild, transient, adaptive and fully reversible in nature, were not perceived as adverse effects. It should be noted that these signs were so short lived and clinically insignificant that they did not influence the normal body weight gain and food intake of these rats. Their being of no adverse significance is also supported by the unaltered neuro-behavioral parameters of these rats based on the extensive qualitative/semi-quantitative and quantitative neurological assessments. The consumption of dietary supplements has increased dramatically in recent years, and concerns are frequently raised regarding the safety of various products, particularly when used in conjunction with conventional drugs [6] . As a consequence, a need exists for the assessment of the safety of dietary supplements when used for long periods of time. Bitter orange products and extracts have been widely used for hundreds of years in Traditional Chinese Medicine [2, 3, 7] as well as various foods as juices, marmalades, and flavoring agents [7, 8] . However, relatively few animal studies have assessed the safety of bitter orange extracts, and no animal studies have previously assessed the long term subchronic toxicity of a bitter orange extract.
Calapai et al. [9] examined the effects of repeated oral administration of 2.5-20 mg/kg of two C. aurantium fruit extracts that had been standardized to 4% and 6% p-synephrine. The effects of these extracts on food intake, body weight gain, arterial blood pressure, electrocardiogram (ECG), and mortality in male rats were examined. Animals were treated for 7 consecutive days, and the various measurements were recorded for 15 consecutive days. Significant dose-dependent decreases in food intake as well as body weight were observed. No significant changes were observed in blood pressure, while the alterations in ECG were significant after 10 days of treatment. Some deaths were noted in the treated animals, although the difference was not statistically significant. Unfortunately, the chemical composition of the bitter orange extract was not reported other than the p-synephrine content. Some of these results must be questioned in light of studies by other investigators [4, [10] [11] [12] [13] [14] .
Arbo et al. [10] examined the acute toxicity of a bitter orange extract and p-synephrine in mice. The single oral administration of a bitter orange extract containing 2.5% p-synephrine at doses from 300 to 3000 mg/kg resulted in reduced locomotor activity (hypoactivity). Doses of 150-2000 mg/kg of p-synephrine produced reduced locomotion, piloerection, salivation, gasping, and exophthalmia. All effects 
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Toxicology Reports 4 (2017) [598] [599] [600] [601] [602] [603] [604] [605] [606] [607] [608] [609] [610] [611] [612] [613] were reversible and resolved in 3-4 h. The authors concluded that these effects were due to adrenergic agonist activity. As will be discussed below, p-synephrine is a poor adrenergic agonist, and as a consequence exceedingly high doses are required to produce these effects. In a 28-day study in mice [11] , a bitter orange extract (7.5% psynephrine) at doses of 400, 2000 or 4000 mg/kg (which corresponds to 30, 150 and 300 mg p-synephrine/kg/day) or with 30 mg or 300 mg p-synephrine/kg/day were administered orally. No adverse effects were noted regarding biochemical parameters, organ weights, heart rate or blood pressure at any of the doses in the treated mice [11] . A decrease in body weight gain at all doses relative to control animals was observed. Based on body surface area, the 300 mg/kg dose of p-synephrine in mice is approximately 34 times a typical 50 mg human dose for a 70 kg (154 lb) individual.
Both 30 and 300 mg/kg/day of p-synephrine and the 4000 mg/kg/ day of the bitter orange extract that contained 300 mg p-synephrine produced significant increases in hepatic reduced glutathione (GSH) [11] , which is an antioxidant and tissue protectant, while the high dose of the bitter orange extract decreased hepatic malondialdehyde content (an indicator of lipid peroxidation and lipid damage). In addition, p-synephrine increased catalase which eliminates the pro-oxidant hydrogen peroxide. Both 30 and 300 mg/kg/day of p-synephrine as well as 400 mg/kg/day and 2000 mg/kg/day of the bitter orange extract (30 and 150 mg of p-synephrine, respectively) also significantly inhibited glutathione peroxidase activity, thus protecting GSH [11] . In summary, the results of this study demonstrated no adverse effects at very high doses, a desirable weight loss, and antioxidant and tissue protective effects.
The National Center for Toxicological Research in conjunction with the US Food and Drug Administration (FDA) have conducted a several animal studies with respect to the safety of p-synephrine and bitter orange extract [12] [13] [14] . In a study which examined the developmental toxicity of Citrus aurantium in rats, doses of up to 100 mg p-synephrine/ kg body weight no developmental toxicity was observed [12] . At up to 100 mg/kg p-synephrine no adverse effects with respect to fetal weight, embryo lethality, or incidence of gross, visceral or skeletal Values of treated rats do not differ significantly (P > 0.05) from those of the respective control group values.
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Toxicology Reports 4 (2017) 598-613 Table 9 Summary abnormalities were observed. This dose in rats is equivalent to a dose of approximately 1135 mg of p-synephrine in a 70 kg human, which is approximately 23 times greater than a typical 50 mg dose. The physiological effects of p-synephrine were assessed after administering bitter orange extract as well as isolated p-synephrine to rats for 28-days at doses of up to 50 mg/kg with and without caffeine at 25 mg/kg [13] . No profound or alarming cardiovascular effects were observed. At a 50 mg/kg dose of p-synephrine that was over 11 times greater than a typical dose of 50 mg in humans, a small, clinically insignificant increase of 2-3 mm Hg was observed with respect to systolic and diastolic blood pressure at one hour. A small clinically insignificant decrease in heart rate was observed at one hour under these conditions. Caffeine alone, as expected, and in combination with p-synephrine produced more pronounced but small increases in heart rate and blood pressure [13] . In rats, the 25 mg/kg dose of caffeine is equivalent to approximately a dose of 285 mg in a 70 kg human.
The effects of bitter orange extract and p-synephrine on the cardiovascular system were also examined in exercised rats in the presence and absence of 25 mg/kg caffeine for 28 days [14] . Again, no alarming effects were exhibited. Caffeine alone resulted in 4-5 mm Hg increases in blood pressure, and a small increase in heart rate, while 50 mg/kg psynephrine exhibited small, clinically insignificant effects on blood pressure. The combination of p-synephrine with caffeine did not produce clinically significant greater effects than caffeine alone [14] . It should again be noted that in a 70 kg human, the dose of 50 mg/kg psynephrine is approximately 11 times greater than a typical 50 mg dose in combination with approximately 285 mg caffeine.
The safety of p-synephrine has been questioned because it has some structural similarity to ephedrine. p-Synephrine is referred to as a stimulant and is assumed to exhibit cardiovascular activity because of its structural similarity to ephedrine [15] [16] [17] [18] [19] [20] [21] . However, several reviews have summarized over 30 published and unpublished clinical studies involving over 700 subjects who consumed a product containing a bitter orange extract (p-synephrine) alone or in combination with other ingredients including caffeine [3, [22] [23] [24] [25] . These human studies have shown that p-synephrine does not exert cardiovascular effects at commonly used doses, and the results of the current 90 day animal study support these observations in humans. A 100 mg dose of 100 mg p-synephrine consumed daily for 60 days was shown to be devoid of adverse effects in humans [26] .
The reason for the paucity of cardiovascular effects of p-synephrine is because it exhibits little or no binding to α-1, α-2, β-1 and β-2 adrenergic receptors based on receptor binding studies. As a consequence p-synephrine does not act as a central nervous system or cardiovascular stimulant producing increases in heart rate or blood pressure at commonly used doses [27] . p-Synephrine binds approximately 10 times more readily to adrenergic receptors from rodents than humans, and therefore responses to p-synephrine in animals cannot be directly extrapolated to humans [28] [29] [30] . Based on relative adrenergic receptor binding, doses of p-synephrine that may be up to 10 times greater would be required to produce a cardiovascular response in humans as compared to rodents. p-Synephrine may be classified as a non-stimulant thermogenic agent in humans [31] .
In summary, daily administration of a C. aurantium (bitter orange) extract standardized to 50% p-synephrine to male and female rats for 90 consecutive days by oral gavage at the dose levels of 100 mg/kg, 300 mg/kg or 1000 mg/kg resulted in no incidence of deaths, no incidence of any remarkable abnormal clinical signs, no ophthalmologic alterations and no evidence of neurotoxicity. It induced mild and transient signs of discomfort and of piloerection exhibited by rats at the highest dose of 1000 mg/kg body weight (G4) which were adaptive and fully reversible in nature. These signs disappeared after 80-days of treatment, and hence were considered to be non-adverse in nature.
The treatment had no effect on body weights/body weight gain, no effect on food intake, and induced no remarkable gross pathology or histopathological alterations. Treatment with the bitter orange extract standardized to 50% p-synephrine induced a slight to mild increase in relative but not absolute heart weights in male and female rats at 1000 mg/kg, which was considered to be a non-adverse alteration. The treatment caused no alterations in the absolute and relative weights of other organs of the male and female rats.
Treatment with the bitter orange extract standardized to 50% psynephrine also induced a slight, reversible and non-adverse elevation of the plasma levels of blood urea nitrogen (BUN) and urea in male rats, but not in female rats, treated at 1000 mg/kg, and it did not exhibit any effects on the other blood chemistry parameters and urinalysis parameters in male and female rats.
Conclusions
Based on the findings of this study, following daily oral administration of C. aurantium (bitter orange) extract containing 50% p-synephrine for 90 days to male and female rats, it can be concluded that the extract induced a few non-adverse alterations at the highest tested dose of 1000 mg/kg body weight, while no such alterations were induced at and up to the dose level of 300 mg/kg body weight. It is therefore concluded for C. aurantium (bitter orange) extract containing 50% p-synephrine that its no-observed-effect level (NOEL) is found to be 300 mg/kg, and by considering the observed findings as non-adverse, the no-observed-adverse-effect-level (NOAEL) is found to be greater than 1000 mg/kg body weight.
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